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摘要 
I 
摘 要 
表面功能化是材料改性方法之一，不仅可以丰富磁性复合微球的结构，还可
以实现具有某种特殊官能团的有机物与无机磁性材料的杂化，进而获得更多的优
异性能，形成一种综合性能优越的多功能材料。近年来，磁性微球的表面功能化
及其应用研究成为纳米技术领域的一个研究热点，其中，表面功能基团的选择、
影响因素探讨、机理研究以及磁性复合微球的应用研究等工作内容具有十分重要
的理论指导意义和实际应用价值。 
本文采用 4-乙烯基吡啶（4-VP）改性 Fe3O4 基磁性微球，分别通过溶剂热法
和乳液聚合法合成出两种不同的磁性复合微球，即具有介孔结构的 Fe3O4@P4VP 
复合微球和具有 Janus结构的 Fe3O4@P(St-co-4-VP)复合微球；并通过TEM、 SEM、 
XRD、TGA、VSM、IR、EDS 等技术方法表征了所制备微球的结构和性质；并
通过进一步的负载和调控，制备出具有吸附性能和催化性能的纳米杂化材料。论
文主要包括两个部分工作，具体如下： 
（1）采用溶剂热法，以4-VP为结构诱导剂，通过 4-VP 对 Fe3O4 晶核生长
的抑制以及诱导自组装作用，合成所需结构的介孔Fe3O4@P4VP 磁性复合微球，
提升比表面积。探究了4-VP和反应时间对实验产物介孔性能的影响，提出反应
机理。并研究实验合成的不同形貌介孔Fe3O4@P4VP 磁性复合微球对阴离子染料
刚果红染料的吸附性能和吸附机理。 
（2）采用乳液聚合法，通过二次投料的方式，以Fe3O4为磁性基质，以4-乙
烯基吡啶和苯乙烯St为共聚单体，以十二烷基硫酸钠 SDS 作为反应时的表面活
性剂，合成出具有 Janus结构的中空磁性复合微球 Fe3O4@P(St-co-4-VP) 。最后
以 该 材 料 为 Au 纳 米 催 化 剂 的 载 体 对 其 进 行 有 效 负 载 ， 制 得
Au/Fe3O4@P(St-co-4-VP)复合催化材料，测定其对4-硝基苯酚还原反应的催化性
能。 
 
关键词：表面功能化；磁性复合微球；4-乙烯基吡啶；结构诱导剂；吸附性能；
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Abstract 
Surface functionalization can enrich the structure and properties of magnetic 
composite microspheres (MCMs), and achieve hybridization between organic species 
with special functional group and inorganic magnetic material. Usually the MCMs 
possess diverse performance and become a kind of multi-functional material which 
has a promising application in many fileds. Due to excellent performance, MCMs 
have attracted much interest in recent years.  
In this article, we modified Fe3O4 magnetic microspheres with 4-vinyl pyridine 
(abbrev. 4-VP) to prepare porous Fe3O4@P4VP and Fe3O4@P(St-co-4-VP) MCMs 
with different morphologies. Consequently, we applied kinds of techniques, such as 
TEM、 SEM、 XRD、TGA、VSM、IR、EDS and so on, to conduct the structural 
and chemical characteriztions. Finally, we tested its adsorption and catalytic 
properties. The main reseach included two parts. 
(1) Porous Fe3O4@P4VP MCMs were prepared by solvothermal method, where 
4-VP was choosen as structure inducer. The addition of 4-VP can not only inhibit the 
growth of nanocrystal nucleus during the solvothermal process, but also induce the 
assembly of nanocrystal nucleus to construct porous microspheres with regular 
morphology. IR and EDS characterizations indicated that 4-vinyl pyridine 
polymerized on the surface of Fe3O4 porous nanospheres. The prepared Fe3O4@P4VP 
MCMs possessed a good surface area and pore distribution as well as adsorption 
capacity, which indicating that the Fe3O4@P4VP MCMs were suitable to be applied 
in the removal of Congo red from water. The adsorption isotherm of Congo red on 
Fe3O4@P4VP MCMs fitted well with the Langmuir adsorption model.  
(2) Janus MCMs of Fe3O4@P(St-co-4-VP) were prepared via emulsion 
polymerization with a secondary feeding method, in which Fe3O4 as a magnetic 
substrate, 4-VP and styrene as reactive monomers, SDS as a reactive surfactant. And 
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then, Fe3O4@P(St-co-4-VP) nanospheres were used as a carrier to load Au particles. 
The prepared Au/Fe3O4@P(St-co-4-VP) MCMs showed a good catalytic property in 
the reduction of 4-nitrophenol. 
 
Keywords: surface functionalization; MCMs; 4-vinyl pyridine; structure inducer; 
adsorption performance; catalytic performance 
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